Varicocele is often cited as the most common cause of male factor infertility. Arguments in support of this statement include reports of increased prevalence of varicocele in populations of infertile men compared with fertile or otherwise unselected men, association of varicocele with abnormal semen parameters, and improvements in semen parameters and/or pregnancy rates after varicocele repair. Logically, there would appear to be three possibilities regarding the relationship between varicocele and fertility: (i) varicocele has no association with or effect on male fertility; (ii) varicocele may be associated with, but is not the cause of, male subfertility; and (iii) varicocele is a direct cause of male subfertility. In the following, we review evidence from the literature for and against these three possibilities: at the current time, available evidence appears inadequate to con®rm or deny any of these three possibilities. Since the ultimate goal of infertile couples is to conceive, it seem logical that future varicocele research should focus primarily on adequately powered, controlled clinical trials in well-characterized infertile couples, randomized to intervention or appropriate controlled observation, with pregnancy as the primary outcome.
Introduction
For many years, the statement`variocele, the most common cause of male infertility' has been used as an introduction into the medical literature's discussion of varicocele and its role in infertility. It makes sense after all; the association of a varicocele with abnormal testicular ®ndings has been recognized for nearly 2000 years. The ®rst century Greek physician Celsus described his ®ndings in De Medicina:`The veins are swollen and twisted over the testicle, which becomes smaller than its fellow, in as much as its nutrition has become defective.' (Saypol, 1981) . In the late 1800s and the early part of the 20th century, a number of observers speculated on a possible relationship between varicocele and male fertility and reported improved semen quality after varicocele repair. In 1952, Tulloch described a patient with bilateral varicoceles and azoospermia, whose sperm count increased to 27Q10 6 after surgical corrections and he conceived a child (Tulloch, 1952) . Since then, studies of varicoceles, their diagnosis, treatment and their impact on fertility have been numerous. As the number of papers concerning varicoceles continues to grow, so does the confusion as to their relevance with respect to male fertility.
Varicocele is de®ned as an abnormal dilatation of the testicular veins within the pampiniform plexus. It occurs on the left side in 78±93% of cases (Saypol et al., 1983) . A clinical varicocele is typically de®ned as a visible (grade 3) or palpable distension of the spermatic cord structures on upright examination (grade 2), or palpable distension detected only during a Valsalva manoeuvre (grade 1) (Dubin and Amelar, 1970; Pryor and Howards, 1987; World Health Organization, 1992; Jarow, 2001) . Non-palpable re¯ux in the internal spermatic vein, detected by venography, ultrasonography or other non-invasive methodology, has been termed subclinical varicocele (Marsman and Schats, 1994) .
Varicocele is the most common ®nding in male factor infertility? abnormalities in semen parameters with no identi®able cause (Baker, 1994; Skakkebaek et al., 1994) . If one excludes this group of men then the most common reported ®nding in men with infertility is varicocele (Table I) (Skakkebaek et al., 1994) . However, this does not prove that varicocele is the cause of the subfertility/infertility.
Logically there appear to be three possibilities regarding the relationship between varicocele and fertility: (i) varicocele has no effect on testicular function and fertility; (ii) varicocele may be associated with testicular dysfunction and subfertility, but is not the cause. Perhaps men with congenital or acquired testicular abnormalities from yet unidenti®ed causes are more likely to develop varicoceles; (iii) varicocele causes testicular damage leading to subfertility. This does not necessarily imply that correcting the varicocele will improve fertility.
In the following, we will attempt to analyse available data regarding varicocele and fertility with respect to the above possibilities. A search of the 1966±2001 MEDLINE database (keywords: varicocele; limits; human and male and adult and clinical trial) was performed to identify published reports of randomized, prospective clinical trials of varicocele correction versus observation. Published reviews on the topic of varicocele were also examined with respect to reports of varicocele prevalence in various populations, semen characteristics in men with and without varicocele and non-randomized or uncontrolled trials of varicocele repair on pregnancy outcome or semen parameters.
There is no relationship between varicocele and male fertility
Clearly, many men with varicocele have`normal' semen analyses and conceive without apparent dif®culty. Uehling examined 776 men, 440 of whom were married, for the presence of clinical varicocele during a routine military physical (Uehling, 1968) . Varicocele was present in 25% of married men. There was no difference in the percentage of childless couples between married men with and without varicocele (31 and 32% respectively) and married men with varicocele had fathered slightly, but signi®-cantly, more pregnancies (1.92 versus 1.61 pregnancies per man, P = 0.04). In a similar study, Thomason and Fariss examined 909 men (average age 22 years) for presence of varicocele during routine physical examinations (Thomason and Fariss, 1979) . The prevalence of varicocele was not different between the group as a whole (31%) and the subgroup of 299 men who reported fathering a child (29%).
De Castro and Mastrorocco examined and obtained semen analyses on 598 men who were fertile by history and requesting a vasectomy (DeCastro and Mastrorocco, 1984) . A palpable varicocele was detected in 16%. Men with and without a varicocele did not differ in age, number of pregnancies, incidence of current pregnancy, semen volume, sperm count, percentage of motile sperm and quality of motility. Percentage of`normal' (oval-headed) sperm was signi®cantly higher in men without varicocele, but the difference was small and of questionable clinical signi®cance (78 versus 81%, P < 0.01).
Finally, in a small study, Lund and Larsen obtained semen analyses at baseline and 8 years later in 24 men with large (grade 3) varicocele and 22 control men without varicocele (Lund and Larsen, 1998) . At baseline, sperm counts were higher in men without varicocele (46 versus 80Q10 6 /ml, P < 0.02). During follow-up, sperm counts fell in the control men but were unchanged in the varicocele group. At follow-up there was no difference between the groups in sperm count, motility characteristics, percentage of normal forms and fecundity. The above data suggest that when men are studied outside of a fertility clinic setting, it is dif®cult to demonstrate an obvious association of a varicocele with abnormal semen parameters or reduced fertility.
One of the arguments in favour of an adverse effect of varicocele on fertility has been the reported 2-to 3-fold increased prevalence of varicocele in populations of men coming for fertility evaluation compared with men unselected as to fertility status or who are of proven fertility. However, prevalence estimates of varicocele among different studies are quite variable. The prevalence of palpable or clinical varicocele in the general male population is generally quoted as~15%, but various studies have reported prevalence rates ranging from 4±30% (Saypol, 1981; Pryor and Howards, 1987) . As noted above, two large studies of 776 and 909 men unselected as to fertility history found palpable varicoceles in 23 and 31% of men respectively (Uehling, 1968; Thomason and Fariss, 1979) .
Reported prevalence rates for varicocele in men selected on the basis of infertility are also quite variable. Pryor reviewed eight studies with a total of 4287 men with infertility, 1644 of whom had a varicocele, with an overall prevalence of 34% (Pryor and Howards, 1987) . Prevalence range for these eight studies was quite wideÐ19 to 41%Ðsuggesting that these populations were either quite heterogeneous or there were considerable differences in how different investigators de®ned or detected a varicocele. In a recent multicentre World Health Organization study of men with varicocele in infertile couples, the prevalence of varicocele between study sites varied from 6±47% (World Health Organization, 1992) . This wide variation in prevalence rate was not felt to be due to regional variations or differences in prevalence rates of other potential pathologies. Given the considerable overlap in prevalence rates of varicocele in fertile and infertile populations of men noted above, one might question whether varicocele is, in fact, more prevalent in infertile men.
The wide variations in reported prevalence rates of varicocele in infertile populations also raise the possibility of examiner bias in the detection of varicocele in infertile men. Surprisingly, while most of the literature on the relationship between varicocele and infertility is based on varicocele de®ned by clinical examination, there is very little data regarding inter-observer agreement in the clinical detection of varicocele. Hargreave and Liakatos separately evaluated 138 men attending an infertility clinic and classi®ed each man as having a large, small or no varicocele (Hargreave and Liakatos, 1991) . The overall concordance rate on assignment was 74%. Even the rate of agreement on the presence of a large varicocele was poor. Of the 18 men considered as having a large varicocele by at least one examiner, in only 10 of these (56%) were the two examiners in agreement. Perhaps most signi®cantly, the overall prevalence rate of varicocele in this infertility clinic population was 31% by one examiner, but only 19% by the other.
The possibility of examiner bias is further supported by a study of Trum et al. who evaluated 63 men with abnormal semen parameters attending an infertility clinic (Trum et al., 1996) . All men were evaluated by spermatic venography (as the gold standard), physical examination, thermography and colour Doppler ultrasound. A total of 32 men (51%) were felt to have a clinical varicocele by physical examination. Of these men, 10 (31%) had no evidence of re¯ux by venography. Thus, there appears to be a signi®cant false positive rate for the detection of varicocele by physical examination if one uses venous re¯ux by venograpy as the de®ning characteristic.
The above data raise the possibility that reported prevalence rates of varicocele from examination of men attending infertility clinics may be subject to examiner bias. Men referred for infertility evaluation almost universally have had one or more abnormal semen analyses prompting a referral. In most cases there is no obvious factor found on history or standard physical examination to explain the subfertility. In a search for an explanation for the abnormal semen analyses, examiners may be unconsciously biased to detect a varicocele.
Varicocele may be associated with, but is not the cause of, male subfertility It is possible that although varicocele may be associated with decreased semen quality and subfertility, it is not the cause. This would lead to an increased prevalence of varicocele in populations of infertile men, but treatment of the varicocele would not be expected to be of bene®t. Are there data which might support this proposition?
Two observations from the varicocele literature are of interest. First there appears to be no clear consensus of which speci®c semen analysis abnormalities are associated with varicocele. Although MacLeod described a semen analysis picture of decreased sperm count, decreased motility and increased abnormal forms in subfertile men with a varicocele, studies looking at semen analysis parameters in men with and without varicocele show no consistent semen analysis pattern distinguishing men with a varicocele (MacLeod, 1965) . It is particularly interesting to compare studies of fertile or otherwise unselected men with studies of men recruited on the basis of a history of infertility. At least three studies (Lipschultz and Corriere, 1977; Farriss et al., 1981; de Castro and Mastrorocco, 1984 ) have compared semen analyses in these men with and without a varicocele (Table II) . In general, these studies have found no statistically or clinically signi®cant difference in mean sperm count, motility or morphology between men with and without a varicocele. Similarly, a number of studies (Lipschultz and Corriere, 1977; Rodriguez-Rigau et al., 1981; Portuondo et al., 1983; Ayodeji and Baker, 1986; World Health Organization, 1992 ) have compared semen parameters between infertile men with and without a varicocele (Table III) . As would be expected, semen parameters are typically abnormal in both groups of menÐpresumably they would never have been referred for evaluation if the semen analysis had been normal. Nonetheless, these studies generally demonstrate no consistent difference in semen parameters between infertile men with a varicocele and infertile men without a varicocele (`idiopathic infertility') ( Table III) .
A second observation of interest related to the effect of varicocele on fertility is the observation that there appears to be no consistent relationship between the size or grade of varicocele and the effect on semen parameters or fertility. While some studies of infertile men have found a relationship between varicocele size and abnormalities in semen parameters, particularly sperm count, other studies have not (Dubin and Amelar, 1970; Johnson et al., 1970; Marks et al., 1986; Schlesinger et al., 1994) . In fact, studies which have included men with both clinical and subclinical varicoceles have generally found no distinguishing difference between the two groups in terms of semen parameters or response to varicocele repair (Marsman and Schats, 1994) .
In summary, fertile and infertile men with a varicocele seem to have semen parameters similar to fertile and infertile men without a varicocele. Even if there is an increased prevalence of varicocele in infertile populations, this does not necessarily imply that the varicocele is the cause of the decreased fertility. The ®ndings in Tables II and III might indicate that varicocele leads to decreased semen quality and infertility in some, but not all men. Another interpretation could be that a varicocele does not impact on semen quality, but some men with abnormal semen parameters and idiopathic infertility also happen to have a varicocele.
Varicocele causes testicular damage, leading to subfertility
A third possibility is that varicocele causes testicular damage and can thus lead to subfertility. Evidence for this includes studies in adolescent boys reporting decreased testicular volume and/or testicular growth in association with varicocele (Jarow, 2001) . In adolescents, varicocele repair has been reported to improve testicular growth (Kass and Belman, 1987; Laven et al., 1992;  Outcome data revised to exclude ®ve couples in control group who conceived prior to consenting to treatment. Paduch and Niedzielski,1997) . On the other hand, the prevalence of adolescent varicocele has been reported to be in the range of 12±25% (Pryor and Howards, 1987) . This is the same reported prevalence rate for varicocele in unselected populations of men. Thus the signi®cance of a varicocele on (future) fertility status is just as uncertain in an adolescent as it is in the adult man.
Other arguments in favour of varicocele as a cause of male subfertility come from a number of uncontrolled series reporting improvement in various semen parameters and fertility rates in the range of 30±60% following varicocele repair. (Pryor and Howards, 1987; Schlesinger et al., 1994) . The lack of a control group in these series makes it impossible to distinguish between speci®c effects of therapy, non-speci®c effects of an intervention or regression to the mean in semen parameters with repeated measurements.
A number of controlled trials, most non-randomized, have examined the effect of varicocele repair on subsequent pregnancy rates. Dr Jarow and Drs Kamischke and Nieschlag have amply reviewed this data and the arguments for and against the bene®ts of varicocele repair on pregnancy rate in Part I of this Minisymposium (Jarow, 2001; Kamischke and Nieschlag, 2001) . These arguments will not be repeated here. Suf®ce it to say, few adequately controlled, prospective trials of the effect of varicocele repair on fertility have been performed (Nilsson et al., 1979; Breznik et al., 1993; Madgar et al., 1995; Yamamoto et al., 1996; Nieschlag et al., 1998; Hargreave and Ghosh, 1998; Grasso et al., 2000) (Table IV ). Those that have been reported give con¯icting results. Comparison among these reported trials is confounded by substantial differences in important factors such as size of varicocele, duration and nature of the infertility, baseline semen parameter criteria for study entry, characterization and nature of the female fertility status and duration of follow-up after intervention (Table IV) .
Conclusion
Presence of a varicocele is often cited as the most common cause of male factor infertility. In the preceding discussion, we have reviewed evidence from the literature for and against three possibilities: (i) varicocele has no association or effect on male fertility; (ii) varicocele may be associated with, but is not the cause of, male subfertility; and (iii) varicocele is a direct cause of male subfertility. Available evidence is inadequate to con®rm or deny any of these three possibilities.
Although many men with varicocele conceive, and controlled studies have not consistently shown improvement in pregnancy rates following therapy for varicocele, this does not necessarily mean that varicocele is not a cause of male subfertility. Clearly, any effect of varicocele on testicular function is not an all or nothing phenomenon. Some affected men may have decreased semen quality but still conceive. Undoubtedly, much of the discrepancy among clinical trials of varicocele repair re¯ects underlying heterogeneity in study populations, as noted above.
Since the ultimate goal of infertile couples is to conceive, it seem logical that future varicocele research should focus primarily on adequately powered, controlled clinical trials in well-characterized infertile couples, randomized to intervention or appropriate controlled observation, with pregnancy as the primary outcome.
